'IT II. EXPERIMENTAL TECHNIQUE
The results of a study on the effects of 1 MeV electrons and 1 MeV neutrons on the operation of high speed GaAs Charge Coupled Devices (CCDs) are presented. Radi ati on-induced trapping levels are characterized using a linear array CCD structure and the periodic pulse technique. 1 MeV electron irradiation introduced traps at 0.1 eV and 0.39 eV with bulk trap introduction rates of 1 cm-1 and 0.33 cm-1, respectively. The devices were irradiated to a maximum fluence of 9x1014 electrons/cm2. 1 MeV neutron irradiation introduced an electron trap level at 0.64 eV with a bulk trap introduction rate of 0.5 cm-1. Catastrophic device failure occurred at neutron fluences of 6x1013 neutrons/cm2. Device charge transfer efficiency was characterized pre-and post-irradiation over the temperature range of 80°K to 300°K.
I. INTRODUCTION
A continuous high-resistivity Schottky barrier gate GaAs Charge Coupled Device (CCD) has recently been developed.1 This new CCD structure has increased speed and dynamic range and is compatible with on-chip integration of the CCD support circuitry using FET technology. These advantages have stimulated interest in the development of structures using this approach for very high speed applications such as an agile bandpass filter which operates up to 2 GHz. With the planned use of these devices in military and space systems, the effects of radiation on the device characteristics is a matter of great interest. Previous (1) to the experimental data from a point defect in an unirradiated GaAs CCD is shown in Figure 2 . The bulk trap density can be obtained from the periodic pulse curve ( Figure 2 ) for long times between bursts, i.e., t>>», where equation (1) reduces to: Nt = Nloss(max)/mVsig (2) For the data in Figure 2 , the calculated trap density is 2.2x1012 cm3 (m = 30, Vsig -9.9x10-9 cm3). Trap density and energy level for each device is shown in Table I . These traps act as a background trapping level against which radiation induced-traps will be measured.
B. Dark Current
All devices were characterized for dark current prior to irradiation. Figure 4 is a plot of the range of dark currents measured for each lot of devices. The variation in dark current between lots was greater than three orders of magnitude. This condition indicates the strong processing dependence of this parameter. The Table I .
Pre-irradiation Trap Summary.
lowest dark current measured on the MBE devices was 6x1O-6 A/cm2 at room temperature. This is two orders of magnitude higher than the theoretically calculated value. A comparison with dark currents previously measured in capacitive gate devices shows that the high dark currents are due to leakage through the cermet Schottky barrier. These dark currents will be reduced as the cermet Schottky barrier process matures. Because it reduces dark current integration time, high frequency operation of this device will not be as susceptible to dark current degradation. However, the dark current present in these devices prevents measurements of trapping effects above 3000K.
C. Electron Irradiation-Induced Traps
Two electron trap levels were introduced by the 1 MeV electron irradiation. Following the notation of Lang, these levels will be designated El and E3 .6 The E3 level observed here corresponds to the EL5 level which has also been observed by Martin, et.al. in electron irradiated material .5 The activation energy plots which identified these levels are shown in Figure 5 . Table II summarizes the radiation levels and trap densities for each device. The lower energy spectrum neutrons in this effort could account for some of the difference.
E. Charge Transfer Inefficiency
The periodic pulse data was also used to calculate the charge Transfer Inefficiency (CTI) of each device, for both pre-and post-irradiation conditions. A typical plot for the electron irradiated device is shown in Figure 8 . The change in CTI due to El is very strong in the temperature range 80°K to 120°K. Above 120°K, the emission time constant for El becomes smaller than the period of the clock, thus resulting in no effect on the CTI. The effects of EL7 begin to appear at temperatures above 160°K with EL3, EL4, and EL5 all contributing to higher CTI as temperature increases. The worst-case, pre-irradiation CTI for these devices ranged from 0.0005 at lower temperatures to 0.01 for temperatures in the range 250'K to 300°K. The effects of radiation on CTI can be seen in Figure 9 . The linear trap introduction rate is reflected in the linear relationship between CTI and electron fluence. The values of CTI at which a device is no longer useful is highly dependent upon the application.
IV. SUMMARY AND CONCLUSIONS
The periodic pulse technique has proven to be a powerful tool for characterizing the newly developed resistive gate technology for GaAs CCDs. Bulk electron traRs could be detected down to densities of 1x1013 cm-. Electron traps EL3, EL4, EL5 and EL7 were observed prior to irradiation.
Electron traps El and E3 at 0.1 eV and 0.39 eV were measured following 1 MeV electron irradiation at fluence levels up to 6x1014 cm-2. Bulk trap introduction rates of 1 cm-1 for El and 0.25 cm-1 for E3 were measured. Changes in device CTI due to radiation bulk damage were plotted over the full temperature range of measurement. Devices operating at low temperatures will be severely degraded by the El trap. After a fluence of 2x1014 cm2, the CTI at 800K has increased to 0.01 which is not acceptable for many circuit applications.
One MeV neutron irradiation introduced an electron trap level at 0.64 eV, and a bulk trap introduction rate of 0.5 cm-1 was measured. Due to radiation-induced device failure, measurements at neutron fluences greater than 6x1013 cm-2 could not be made. ke-/cm2
